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We have recently demonstrated that human dermal 
fibroblasts express both constitutive and inducible 
nitric oxide synthases (NOS) and produce nitric oxide 
(NO). In this study, NOS expression and NO produc-
tion were compared in human fibroblasts derived 
from hypertrophic scar (HSc) and site-matched nor-
mal dermis. NOS expression and NO production in 
HSc fibroblasts are significantly reduced when com-
pared with normal fibroblasts. Without stimulation, 
the HSc fibroblasts produced 7.37 ± 1.17 nmol and 
the normal fibroblasts produced 11.15 ± 0.79 nmoll 
106 cells/96 h (paired t test, p < 0.01, n = 6) NO as 
determined by the Griess reaction. After stimulation 
with 200 units interferon-y per ml and 40 t-tg lipo-
polysaccharide per ml, both HSc and normal fibro-
blasts produced significantly higher NO, indicating 
that the HSc fibroblasts retain the capacity to express 
inducible NOS (iNOS). The Ca2+ -dependent NOS 
N itric oxide (NO), a bioactive product of NO synthases (NOS) in the arginine-citrulline meta-. bolic pathway, has been shown to possess several physiologic and pathophysiologic activities. These include smooth muscle relaxation or vasodilation 
(Benyo cf ai, 1991), microbicidal acavlty (Hibbs cf ai, 1988), 
tlllTIoricidal activity (Swehr and Nathan, 1989), immune regulation 
(Schllcemann et ai , 1993) , anti-proliferation (Stein ef ai , 1995), and 
ne urotransmission (Snyder and Bredt, 1992). The biosynthesis of 
NO is mediated by NOS, /3-nicotinamide adcnine dinucleotide 
phosphate (reduced fOl"m)-dependent enzymes with three isoforms 
(Marsden ef nl, 1992; Ge lJ er ef nl , 1993 ; Nakane ef nl, 1993). Two of 
these isoforms (endothelial cNOS and neuronal cNOS) are consti-
wtivcly el\."jJ resscd, and their activities are dcpendent on elevated 
intracellular Ca2 + and extrinsic ca lmodulin. Thc third isoform is 
not expressed under normal conditions but can be induced in many 
types of cells by inflammatory cytokines and bacterial lipopolysac-
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(cNOS) activity in the cytosol ofHSc fibroblasts (1.43 
pmol/min/g of protein) was significantly lower than 
that in normal fibroblasts (2.60 pmollmin/g of pro-
tein), as determined by citrulline assay (p < 0.01, n = 
4). The mRNAs for endothelial cNOS and iNOS in 
both HSc and normal fibroblasts were detectable by 
RT-PCR. Flow cytometry confirmed that the un-
treated HSc fibroblasts expressed less endothelial 
cNOS protein than untreated normal fibroblasts. Be-
cause NO markedly inhibits cell proliferation, our 
results suggest that after thermal injury, fibroblasts 
in the scar tissue may undergo phenotypic alteration 
leading to reduced endothelial cNOS expression. The 
low levels of endogenous NO in HSc fibroblasts might 
be responsible for the cellularity of post-burn HSc, a 
characteristic feature of this fibrotic condition. Key 
words: RT-PCRIFACSlendothelial eNOSlcitrulline assay. 
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charide (LPS). Its activity is independent of elevated intracelJular 
Ca2 + , and it possesses calmodulin as a tightly bound subunit (Cho 
ef ai, 1992). 
Hypertrophic scarring (HSc), a fibroproliferative disorder of the 
dermis, occurs after wounding, particularly after severe themlal 
injury (Sco tt ef ai , 1994) . HSc is cha racterized by excess collagen 
synthesis and deposition by fibroblasts in the wound (Scott e/ ai, 
1994) . Accumu lating evidence indicatcs that heterogeneity of 
fibroblasts in the dermis may playa role in the formation of HSc, 
because fibroblasts derived from HSc tissue diffcr in coll agen and 
coll agenase production fi'om those fi'om normal skin (Tredget ct ai, 
1993; Ghahary ef nl, 1996) . 
[t is Ii.ke ly that NO plays a role in wound healing and scar 
formation, mainly through its vasodilation and anti-proliferative 
efl:ects Oorens ef nl, 1992) . Adequate amounts of NO produced by 
endothelial cells, fibroblasts, and infiltrated leukocytes in tissue will 
maintain the appropriate tone of blood vessels and the appropriate 
rate of cell proliferation to accommodate the requirements of tile 
healing wound . Fibroblasts are the major cell population in healing 
wounds and scar tissue; thus , these cells m ay be important in 
maintaining an adequate NO concentration in tissue. Previously, 
we demonstrated that fibroblasts derived from normal human skin 
express NOS enzymatic activities, messengers, and proteins ill vitro 
and are capable of using the arginine-NOS pathway to synthesize 
NO (Wang ef ai, 1996) . [n this report, we provide evidence thar 
NOS expression and NO production are reduced in fibroblasrs 
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derived from hypertrophic scar in comparison to those derived frOI11 
normal skin. 
MATERlALS AND METHODS 
Clinical Specimens Skin biopsies were obtained from six patien ts (five 
males and one fema le, 3 to 32 y of age, 4 to 15 m o post-burn . 14 to 80% of 
to tal body surface thermal injury by second or third degree bums) who had 
suffered thermal injury and had been treated at the Firefighter's Burn 
Treatment Unit and outpatient burn clinic, the University of Alberta 
Hospital. After approval by the institutional ethics review board, inform ed 
consent was obtained from each patient who demonstrated extemive areas 
of hypertrophic scarring characterized by raised, erythematous, pruritic, 
thickened, and noncompliant scars confined to the site of injury. Under 
local anesthesia , biopsies were taken from areas ofHSc with a 6-mm punch. 
A site-matched contro l biopsy was obtained fro m uninjured skin in each of 
the patients. The tissue samples w ere immediately placed in ice-cold 
supplemented Dulbecco's modifi ed Eagle's m edium as described (Wang e( 
ai, 1996) and transported to the laborato ry for processing. Half of each 
biopsy was used for explant culture . and the other half was processed, 
e mbedded in paraffin , and sec tioned. 
Cell Culture Derma l fibroblasts were isolated from the punch biopsies 
by the standard explant procedure described previously (Tredget c ( ai, 
1993). T he fibroblasts were cultured in supplemented Dulbecco's m odified 
Eagle's medium as described (Wang ci ai, 1996). After four passages, the 
resulting cell population consisted of more than 98'/., fi broblasts by mor-
phology, growth characteristics, typi cal aging profi le, and uniformly posi-
tive Thy-1 (Este rre et ai, 1992) immunostaining (monoclonal antibody 
against human T hy-l: McKenzie and Fabre , 1981). Cell cultures at passages 
S to 9 were used in all experiments. 
Spectrophotometric Estimation of NO Production NO production 
by HSc and normal fibroblasts was assessed by measuring the nitrite 
acc umulation in the cultu re med ia by a spectrophotom etric method based 
on the Griess reaction (Green e( ai, 1.990). T he detailed procedure has been 
described previo usly (Wang et ai, 1.996). For positive control s, nitrite 
p roduction by J774 A.l cells, a mouse monocyte!m acroph"ge cell line (rom 
Am eri can Type C ulture Collection, was m easured in parallel (Fujihara ct ai, 
1994). 
To compare the N O production by di fferent strains of fibroblasts, ench 
pair of the HSc and normal fibrob lasts was cultured , treated , and examined 
in para ll el by the above procedure. Six pairs of cells were examined. The 
measurement for ench pair was repea ted once. 
Detection of Ca2+ - Dependent and -lt1dependellt NOS Activities 
We used the citrulline assay, which is based on the measurem ent of the 
conversion of[ I4C]L-arginine to [14C]L-citrulline by NOS in the cytosol of 
the cells (Knowles d ai , 1990). In brief, confluent fIbrob lasts were incubated 
in the absence (contro l) or presence of human recombinant in terferon- y 
(hrIFN-y) and LPS for 24 h . The cells were was hed, trypsinized, and 
resuspended (2 X 107 cell s per ml) in ice-cold HEPES buffer (Knowles et ai, 
1990) . The ce ll suspensions were homogenized and centrifuged (100 ,000 X 
g; 35 min) at 4°C, and the cytosoli c fr<l ction was kept o n ice for immediate 
assay. The membrane fra ction was resuspended in HEPES buffer containing 
0.01 % T riton X l 00 (Mallinckrodt, Inc., Paris, KY) in a volume equal to 
original volume. For each sample, 20 f-LI of the cytosolic or membrane 
fraction was incubated in duplicate with 100 f-Ll of assay buffer, pH 7.2, 
contain.ing 50 f-LCi L-[U-' 4C)arginine per ml (Amcrsham . Arlington 
Heights, IL), 50 mM KH 2PO .. , (l<JlOwles ct ai, 1990). After incubation at 
37°C for 12 min , the samples were centrifuged at 10,000 X g for 2 min . The 
[ 14C JL-citrullinc in the supernatant was separated from [' ·ClL-arginine by 
ca tion-exchange chromotography w ith AG 50W-X8 resin (200- 400 mesh; 
Bio-Rad, Richmond, CAl and quantified by liq uid scintillation spectrom-
e try in a Deckm an LS6000lC scintilla tion counter. T he protein content of 
the cytosol was determined by the Bradfo rd dye-binding procedure (Bio-
Rad) with bovine scrum albumin as a standard . T he Ca2 + -dependent NOS 
ac tivity was defined as the ethyleneglyco l-bis(/3- aminoethyl ether)-
N ,N,N' ,N' -tetraacetic acid-inhibitable conversion o f L_[U_ 14C ]arginine to 
L-[U-' 4Clcitrulline. The C a2 +-indcpcndent N OS activity was determined 
fro m the difference between the N G-mono mcthyl-L-arginine-inhibitable 
and N G -monomethyl-L-arginine- ethyleneglycol-bis(/3-aminoethyl ether)-
N,N,N' ,N' -tetra acetic ac id-inhibitable NOS activiti es in the stimulated 
fibro blasts. For positive control s, rat brains and J774A.l cells were analyzed 
for NOS ac tivity in parallel w ith the H Sc and no rmal fibroblasts (Wang et 
al,1996). 
Detection of mRNAs for Endothelial cNOS and iNOS in HSc and 
N ormal Fibroblasts Using Reverse Transcription-Polymerase 
Chain Reaction The total RNA was isolated from H Sc and normal 
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fIbroblas ts by a m odified guanidiniul11 isothiocyanate!CsCI procedure of 
C hirgwin et al (1979) . Five micrograms of the isolated RNA were run on a 
1 % agarose gel (GmCO BRL, Gaithersburg, MD) containing 1 f.l.g e thidium 
bromide per ml to con firm that there was no degradation during the 
isolation procedure. First-strand cDNA (RT-cDNA) was m ade fro m total 
RNA by using Superscript RNase H - reverse transcriptase (S uperscript RT 
I; GfBCO BRL) and O ligo (dT) , 2_ IB Primer (GfBCO BRL) as primers. 
using conventional procedures (Rei ling el ai , 1994). 
T he PCR was carried o ut in a RoboCycler Gradient 40 temperature 
cycler (Stratagene C loning Systems, La Jolla, CAl . T he primers and the 
PCR procedure have beell described elsewhere (Wan.g el ai, 1996) . T he 
amplified products were an alyzed on a 1 % agarose gel contai11ing 1 f-Lg 
e thidium bromide per m1. T he expected sizes of the PCR products were 
determined by calculating the number of base pairs between the first 
nucleotide of the sense p,;mer and the last nucleotide of the an ti-sense 
primer comple mentary to corresponding human endothelial cNOS and 
hepatocyte iNOS cDN A sequences. T he approximate sizes were deter-
mined by u si ng 100-bp DNA mo lecular w eight markers (GIDCO BRL) . For 
positive controls, the plasmid cDNAs sp ecifIC for human endothelial cNOS 
(Marsden el ai, 1992) and hepatocyte iNOS (Geller c( nl, 1993) were used as 
templates in PCR. For negative controls, total cellular RNA fr0111 normal 
and H Se fibroblasts w ithout reve rse tran scription was used . 
Detection of Endothelial cNOS and iNOS Proteins in HSc and 
Normal Fibroblasts and Tissues Using ltnmunocytochemistry A 
mouse peroxidase anti-peroxidase (S igma C hemical Co. St Lo ui s, M O) 
immunostaining procedure was used to detect endothelial cNOS and iNOS 
in H Sc and normal fibrob lasts. D etail ed procedures for the inll1lllllosta ining 
ofendotheIial cNOS and iNOS have been described elsewhere (\V ang cl al. 
1996). To examine the source of NOS protein expression in HSc and 
normal ti ss ue, 5-f-Lm paraffin sections prepa red fro m HSc and normal skin 
biopsies were stained with anti-human endotheli al cNOS and anti-mouse 
m acrophage iN OS mo noclonal antibodies (Transduction La boratori es , Lex-
ington, KY). Slides were examined and microphotogra phs were taken with 
a Nikon O PT IPHOT - 2 microscope equipped with a FX-35DX camera 
(Nikon Optical , To\"'' yo, Japan). 
Detection of E ndothelial cNOS and iNOS Expression in HSc and 
Normal Fibroblasts Using Fluorescent Activated Cell Sorting Anal-
ysis To quanti fy NOS expression in cultured fibrob lasts , we used fluo-
rescent activated cell so rting (FACS) ana lysis ro examine endo dlelial eNOS 
and iN OS pro teins in HSc and normal cells. Indirect immunofluorescent 
stain.ing was performed using the procedure of Reiling and colleagues 
(1994). In brief, confluent fibrob lasts in culture flasks were treated with 
hrlFN-y and LPS fo r 24 h . T he stimulated an d control ce lls were harvested 
by trypsinization, w ashed w ith phosphate-bufrered sa line (PBS), and fixed 
with 4% parafon1laldehyde . The cell s were made pen1lCable by incubatin g 
with 0.05% T wecn-20 in PBS at. room temperature for 30 min . Nonspecific 
binding w as blocked w ith 10% normal goat serum at room tem perature for 
2 h. T he cell s were then incubated widl the primary antibodies (Transduc-
tion Laboratori es, 5 f-L g per ml in PBS con taining 0.2% BSA) for 18 h at 4°C. 
In negative controls, the p.-imary antibodies were replaced with nOI1-
immune normal mouse IgG. After washing w ith PBS, the cells were 
incuba ted w ith fluorescein isothiocyanate-cOlvuga ted go,lt- anti-mouse IgG 
(Sigma) at room tempera ture for 45 min. Labeled cell s were washed \vith 
PBS and analyzed in a FACScan cytoflu oronwtc r usin g L YSYS 11 softwa re 
(Becton Dickinson, San Jose, CA). 
RESULTS 
Both HSc and Normal Fibroblasts Spontaneously Produce 
NO, Which Is Increased by IFN-y and LPS HSc and normal 
fibroblasts were stimulated with hrIFN-y and LPS alone o r in 
combination for 96 h . Without an y stimulatio n, both HSc and 
normal fibrobhl sts produced NO, but HSc cells produced signifi-
cantly lower amounts than normal fibroblas ts (p < 0.01, n = 6, 
paired t test) . Neither IFN-1' n o r LPS aJo n e significa ntly stimulated 
the production of NO; h owever, addition of l FN- y and LPS 
togeth e r sig nificantly inc I·eased the NO production by b oth HSc 
and normal fibroblasts (Fig 1). Both HSc and nomla.! fibrobl asts 
show e d concentration-dependent responses to hrlFN-y and LPS 
(data n o t show n) . T h e combination of200 U of hrIFN-y p e r ml an d 
40 fL g of LPS p er 1111 for a period of 96 h indu ced maximum 
production of nitrite b y the ce lls and was u sed in a ll sub sequent 
exp eriments (Wa n g ct ai, 1996) . 
Six pairs of d erm a l fibrobla st strains d e rived fro m six individuals 
were examine d for NO produc tion. W ith o u t stimula tion, all strains 
ofHSc fibroblasts produced l ess NO than their cow1terpart normal 
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Figure 1. Nonna} and HSc fibroblasts spontaneously produce NO, 
which is increased after stimulation. Confluent nomlal and HSc 
fibroblasts in 24-well p lates were treated with PBS (comrol), hrlFN-y 
alonc, LPS alon~, or hrIFN--y plus LPS for 96 h. Nitrite in the ceU- free 
supernatants was measured using the procedures described in Materials afld 
M~lltods. Data represent mean ::!: SEM obtained from three separate 
experiments. • Indicates the significaIlt difference (p < 0.05) between 
nonnal and HSc fibroblasts. The significant difference between the stimu-
lated fibroblasts and their corresponding controls was also observed ill both 
normal and HSc ceUs. 
fibroblasts (Fig 2A). After stimulation, five of six of the HSc cell 
strains produced significantly lower levels of NO than thetf coun-
terpart nonnal cells (Fig 2B). All stl'3ins of stimu lated HSc and five 
of six strains of normal fibroblasts produced significantly higher 
levels of 'NO than the ul1stimul;lted normal cells (Fig 2A,B). 
Overall, the unstimulated HSc cells produced significantly lower 
levels of NO than unstimulated normal ceLIs (7.37 ::!: 1.17 "S 
11.15 ::!: 0 .79 nm01l106 celJs/96 b; p < 0.01, \1 = 6, paired t test), 
as did tbe stimulated HSc cells (15.70 ::!: 1.34 vs 21.99 ::!: 2.16 
r111101 / 106 cells/ 96 h; p < 0.01, n = 6, paired t test). The 
proportionate increase after stimulation was similar, however, for 
HSc (4 7'lIo increase) and normal (51 0ft, increase) cell s. For positive 
controls, stimu lated and unstimulated J774A.l cells, a mouse 
monocyte/macrophage cell line, were used (data not shown; Wang 
el nl, 1996). 
HSc Fibroblasts Express Less Ca2 + -Dependent NOS Activ-
ity Than Normal Fibroblasts ln pilot experiments we found 
thilt NOS activities appeared only in the cytosoHc fraction of human 
fibrob lasts, so the membrane suspensions were not examined in 
subsequent experiments. Table I shows the Ca2 + -dependent and 
-independent NOS activities from cytosolic extracts of rat brain, 
J774A.l cells, HSc, and normal fibroblasts as measured by the 
citrulllile assay. Rat brain aJJd J774A.l cells were used as positive 
controls for determining Ca:2 + -dependent and -independent NOS 
activities, respectively, because they are well known to express 
eNOS and iNOS (Knowles ("( a/, 1990; Brede el nl, 1990). The 
unstimulated HSc fibroblasts expressed significantly less Ca2 +_ 
dependent NOS activity t1Jan unstimulated normal fibroblasts 
(Table 1). After stimulation, the ESc fibroblasts also expressed 
significantly less Ca2 + -dependent NOS activity than did normal 
cells, but the Ca2 + -independent NOS activity in stimulated HSc 
fibroblasts was similar to th,lt in stimu lated normal cells (Table I). 
HSc and Normal Fibroblasts Express mRNAs for Both 
Endotbelial eNOS and iNOS Because both Ca2 + -dependent 
and -independent NOS activities are observed in HSc and normal 
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Figure 2. HSc cells produce less NO than their counterpart normal 
cells. (A) NO production by I·ISc and normal fibroblasts without stimula-
tion. Doth HSc and normal fibroblasts in 24-wcll plates were incubated for 
96 h. Nitrite in the supernatants were measnred with the Griess reaction. (BJ 
NO production by HSc and normal fibroblasts after stimulation. The HSc 
and nonnal fibrob lasts were stimulated with hrlFN-y ~lJld LPS for 96 h. 
Nitrite "cculnulation in the supernatant was measured with the Griess 
reaction. Data for (A) and (B) represent mean :t SEM obtained from three 
sepaIatc experiments. • Indicates a Significant difference (p < 0.05) between 
normal and HSc cells wieh or without stimulation. 
fibroblasts, we examined the expression of ml'-NAs for endothelial 
eNOS (Marsden et ai, 1993) and hepatocyte iNOS (Geller et nl, 
1993) in the cells using reverse transcription-polymerase chain 
reaction (RT-PCR). Figure 3A,B show the ethidium bromide-
stained PCR products for eNOS and iNOS in agarose gels, 
respectively. Lanes 1 in Fig 3A,B show amplification of endothelial 
eNOS and iNOS cDNAs using the corresponding plasmid cDNAs 
for positive controls. The 422-bp product for endothel.ial eNOS 
and the 462-bp product for hepatocyte iNOS are the correct size 
for these products as indicated by the DNA ladder (lanes M in Fig 
3A,B). When the total cellular RNAs without reverse transcription 
were used, the bands for endothelial eNOS and iNOS were not 
apparent (lanes 2 in Fig 3A,B). The results showed that both 
normal (lanes 3-5) and HSc (lanes 6-8) fibroblasts contained 
mRNAs for endothelial eNOS (panel A) and iNOS (panel 8). 
We also examined the mRNA for endothelial eNOS in stimu-
lated HSc and normal cells as well as the mRNA for hepatocyt~ 
iNOS in unstimulated HSc and normal fibroblasts llsing RT-PCR. 
The result showed that the endothelial eNOS mRNA was detecl-
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Table I. HSc Fibroblasts Express Less cNOS Activity 
Than Normal Fibroblasts 
N OS ACTIVITY (prnol / mg/ min)" 
eN OS iNOS 
(Ca2+ -dependent) (Ca2 + -independent) 
Noml al fibroblasts Stimulated 2.60 ::!: 0.54 1.59 ::!: 0.14 
Unstimulated 1.36 ::!: 0.57 N.D ." 
HSc fibroblasts Stimulated 1.43 ::!: 0.19" 1 .27 ::!: 0.10 
Unstimulated 0.63 ::!: 0.20' N.D . 
J774A .l cells Stimulated 9.67 ::!: 2.52 19.05 ::!: 3.96 
Unstimulated 2.27 ::!: 0.83 '/ N.D . 
Rat brain (n = 4) 2.86 ::!: 0 .29 N .D. 
<f Deterrnincd lIsing the radioactive citrulli ne ilssay as described in At/medals (HId 
J\lfetllOds .md expressed as plllo1 of L-arginine converted per IlIg of pro rein in the cytosol 
per min (pmol/ mg/ min :t SEM). "Stimulated" cells were included with 200 U Itr 
IFNy and 40 fLg LPS pcr tTll for 96 h . 
b N.D .• not detectable. 
r Statisti call y signi ficant when compared with their counterpart normal cells (p < 
0.05, n = 4). 
II Statisticall y significant whcn compared wi th ullstimul ated cells (p < 0.0 1, n = 4). 
able in all strains of stimulated HSc and normal fibroblasts. The 
bands of RT-PCR products from stimulated HSc and normal 
fib roblasts showed density similar to those from unstinlUlated cells 
in ethidium bromide-stained agarose gel (data not shown) . The 
mRNA for hepatocyte iNOS was not detectable in unstimulated 
HSc and normal fibrob lasts. 
Hypertrophic Scar Fibroblasts Express Both Endothelial 
cNOS and iNOS Proteins Like normal fibroblasts (Wang ef ai, 
1996), almost all of the HSc fibroblasts appeared to be stained with 
the anti-endothelial cNOS antibody under low magnification, but 
some cells showed intense stainin g (data not shown). Under high 
magnification, the cytoplasm around the nuclei of the cells had 
stronger staining in some intensely stained fibroblasts, but the 
staining in other cells was scattered throughout in the cytoplasm. 
T he unstinlUlated control cells alld stimulated control cells did not 
stain when the primary antibody was replaced with nOllimmllne 
mouse IgG. T he stimulated HSc fibroblasts showed staining sinlilar 
to that of normal cells when stained with iNOS antibody. When 
the pOOlary antibody was replaced with nOllimmune mouse IgG, 
the stinlulated control cells and unstimulated control cells did not 
stain (data for the HSc cells not shown; for the nOn1lal cells, see 
Wang et ai, 1996). 
Epidermal Keratinocytes and Dermal Fibroblast-Like Cells 
Express Endothelial eNOS After immunostaining normal skin 
for endotheli al cNOS, most keratinocytes in the epidennis, some of 
the fibroblast- like cells (-), and blood vessels (not shown) were 
positive (Fig 4a) . The keratinocytes located at the middle part of 
the epidermis showed very strong staining (Fig 4a). In HSc tissue, 
some of the epideml al kerati.nocytes stained for endothelial cNOS, 
b ut the staining was much weaker than in normal skin, although 
they were processed on a single slide using the same procedure (Fig 
4&). The fibroblast-like cells in the dermis also showed weaker 
sta ining than those in normal dermis (data not shown) . Both normal 
and HSc tissue did not stain for iNOS (Fig 4c,d). When the primary 
antibodies were replaced by nonimmune mouse IgG, very little or 
no staining was present in the cells in normal and HSc tissue (Fig 
4eJ). 
Hypertrophic Sear Fibroblasts Express Less Endothelial 
eNOS Protein As Determined by FACS FACS analysis 
showed that the HSc and normal fibroblasts expressed endothelial 
cNOS without stimulation . Although all normal and HSc fi bro-
blasts were positive after immunofluorescent staining , the flu o res-
cence intensity of HSc cells was lower than that of n ormal 
fibroblasts (Fig SA). After stimulation , both HSc and normal 
fibroblas ts expressed iNOS (Fig SB) . Analysis of FACS data with 
the L YSYS II software indica ted that 32% of the stimulated normal 
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cells were positive when the threshold was set at 5% for the control 
in wh.ich the primary antibody was replaced by nonimmune mouse 
IgG. Only 19% of the stimulated HSc fibroblasts were positive at 
the same threshold (data not shown) . The fluorescence intensity of 
the HSc cell s, however, was sinlilar to that of nonnal fi broblasts 
after in1l1lUI1ofluorescent staining for iN OS (Fig 5B) . 
DISCUSSION 
T he physiologic fun ctions and the pathophysiologic roles of NO in 
the ciJ'culatory, neuronal , and immune systems have been well 
esta blished (Moncada ef ai, 1991 ; N athan , 1992). In addition, NO 
has been shown to have anti-neoplastic (Hibbs et ai, 1988; Stuehr 
and Nathan , 1989) and anti-proliferative (Garg and Hassid, 1990; 
Fimhaber and Murphy, 1993) effects and to playa critical role in 
septic shock (Zembowicz a.nd Vane, 1992; ForstermanJl ef ai, 
1993). Many types of mammalian cells are able to synthesize NO 
through the arginine-NOS pathway (Nathan, 1992). Previously, 
we demonstrated that human dermal fibroblasts synthesized NO 
and ex-pressed both endothelial cNOS and iNOS (Wang et ai, 
1996) . In this study, we provide evidence that fibrobl asts derived 
from HSc tissue express less NOS a.nd produce lower levels of NO 
than fibroblasts derived from normal cells obtained from the same 
patient. 
Both HSc and nonnal fibroblasts constitutively synthesized NO 
ill vitro, but the HSc fibroblasts produced significantly lower levels 
of NO than normal cells. This is a general phenomenon, as all six 
pairs of fibroblasts derived from six individuals showed a similar 
result. T his was further confirmed by the radioactive citruifule 
assay, w hich examined the enzym e activity of cNOS in tlle cytosol 
of the cells. The results of FACS analysis also showed decreased 
expression of endothelial cNOS protein in the HSc fibroblasts. 
These results collectively suggested that the post-burn HSc fibro-
blasts may be defective to some degree in expression of cNOS, as 
a result of a phenotypic change leading to the downregulation of 
cNOS expression. T IllS resembles the decreased collagenase 
mRNA and enzyme activity III HSc cells as compared to their 
normal counterparts (Ghahary el ai, 1996). Th.is reduction of 
collagenase mRNA and enzyme activity may be a consequence of 
downregulated cNOS expression, because NO has been shown 
directly to activate collagenase activity in human articular cartilage 
cells. Both NOS and collagenase can be lllduced by in.flammatory 
cytokines and LPS and can be inhibited by competitive lllhibitor of 
NOS (MwTell et ai, 1995). T his suggests another possible regula-
tory mech alllsm for NO in fibrotic disorders of tissue. 
After stimulation of the cells with h.rIFN--y and LPS, both HSc 
and normal fibroblasts produced significantly higher levels of NO. 
T he proportional increase was similar for the HSc and 110rmal cells, 
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Figure 3. HSe and normal fibroblasts express eNOS and iNOS 
mRNAs. R T -PC R was used to detect mR.NAs for cN OS (A) ,md iNOS 
(B) . Photograph represents the cN OS and iNOS PCR products stained by 
ethidium bromide. Lan es M show the 100-bp DNA ladder. Lanes 1 in (A) 
and (B) show positive con trols using plasmid cDNA for cNOS and iNOS , 
respectively. Lanes 2 in (A) and (B) show the negative controls using RNA 
w itho ut reverse transcription for cN OS and iNOS. Lanes 3- 5 in Fig 3A 
show the PCR products for cNOS using RT-cDNA from three strains of 
no rmal fi broblasts. Lanes 6 - 8 in Fig 3A show the PCR products for eNOS 
frOI11 three strains of HSc cells. Lancs 3- 5 and 6-8 in Fig 3B show the PCR 
products for iNOS using RT-cDN A from the corresponding strains of 
fibroblasts stimulated with hrlFN and LPS. 
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Figure 4. Expression of eNOS proteins is lower in HSe tissues relative to nonnal skin obtained from the same patient. Paraffin-embedded 
sections from HSc and normal skin punch biopsies Were stained with the peroxidase anti-peroxidase procedure to visualize cNOS and iNOS proteins. Panels 
(a) and (c) show normal skin stained for cNOS and iNOS, respectively. Panels (b) and (d) show the HSc tissue stained for cNOS and iNOS, respectivel y. Panels 
(e) and (f) are nega tive controls for normal skin and HSe, in which the primary antibodies were replaced by nonimmunc mouse IgG . (a) High-power view 
of norm al skin after immunostaining for cNOS. Most keratinocytes in the epidermis and some fibroblasts (-» in the dermis (d) showed positive staining. Scale 
bar, 2.5 IJ.m for all panels. bm, basement membrane. (b) High-power view of HSc tissue after immunostaillillg for cNOS. Some of the keratinocytes in the 
epidermis were stained with the cNOS antibody. Some of the fibroblast-like cells in the derrnis (d) showed very faint staining with the cNOS antibody. (c) 
and (d), High-power view of normal skin and HSc tissue after iNOS immunostaining. None of the keratinocytes in the epidermis or the fibroblast-like cclls 
in the dcrmis showed staining with the iNOS antibody. The brollJll dots in the basement membranc arc a are ar ti f.~c ts. (e) and (f), High-power view of negative 
controls for normal skin and HSc tissue. All the cells in the epidermis and dermis are negative. 
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, Figure 5. HSc cells express less eNOS than normal fibroblasts as 
determined by FACS analysis: HSc and normal fibroblasts were stained 
w ith an indirect immunoAuoreseent staining procedure as described in 
Mate,in/s and Mel /wds and subjected to FACS ana.lysis. Two pa.irs ofHSc and 
normal cell strains have been exam.ined. Panels (A) and (B) show the 
histogram data of FACS ana lysis for eNOS and iNOS, respectively, in OLle 
pair of the cell strains . 
indicating that the HSc cells retained the capability to express 
iNOS. The significance of iNOS expression in fibroblasts is not 
clear. It can be speculated that in the case of skin injury with 
bacterial infection, LPS and cytokines released by infiltrated leuko-
cytes stimulate the dermal fibroblasts and infilcrated leukocytes to 
express iNOS. This higher level of NO might play a role in 
maintai.ning the blood supply to the wound site and in controlling 
bacterial infection during the early stages of wound healing. 
Moreover, the slightly higher NO levels inside and adjacent to the 
fibroblasts might protect the cells from damage caused by oA')'gen-
free radicals released by activated inftitrating leukocytes such as 
neutrophils and macrophages, because NO can neutralize both 
oxygen and hydroA),1 radicals (Harbrecht et aI, 1992). Like the other 
human cell types studied so far , SlIch as monocytes/macrophages, 
the dermal fibroblasts produced much less NO than rodent cells 
after stimulation (Fujihara et aI, 1994). 
It is of interest that after stimulation of the cells with hrIFN-1' and 
LPS, human fibroblasts expressed more Ca2 + -dependent activity as 
determined by citrulline assay. This result suggests that human 
fibroblasts might contain a Ca2 + -dependent iNOS. Further inves-
tigations are necessary to verify the existence of the Ca2 + -depen-
dent iNOS in the cells. 
Because HSc and normal fibroblasts produced low levels of NO 
and expressed low Ca2 + -dependent and -independent iNOS activ-
ities, we used RT-PCR to detect the mRNAs for cNOS and iNOS 
in unstimulated and stimulated cells. We assume that the cNOS and 
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iNOS expressed in hlllmm fibroblasts are identical to those found in 
human monocytes/macrophages. Because of the nature of PCR 
and the difficulty of controlling the efficiency of reverse transcrip-
tion, it is difficult to accurately quanti.f), gene expression using 
RT-PCR without a well- designed and well-established internal 
standard . Thus, quantification of the endothelial cNOS and iNOS 
mRNA expression by HSc and normal fibroblasts was not per-
fOl'med in this study. 
The immunocytochemical results showed that like norn1al fibro-
blasts (Wang et ai, 1996) , unstimulated HSc cells express endothe-
lial cNOS ill IIitro. The pattern of staining was also similar between 
the HSc and normal cells: all cells were stained, some showing 
intense staining, especially in the cytoplasm close to the nucleus . 
After stimulation, some of the HSc fibroblasts, similar to normal 
cells (Wang el aI, 1996), stained for iNOS. Furthermore, immuno-
histochemical results also showed that HSc tissue expressed less 
endothelial cNOS than normal skin, although thi.s technique is not 
quantitative. Interestingly, most of the epidermal keratinocytes 
were stained for endothelial cNOS. This result is consistent with 
the recent report indicating that normal human keratinocytes 
express eNOS ill IIitro (Baudouin and Tachon, 1996). The kerati-
nocytes in HSc tissue eAlJress less cNOS than those in normal skin. 
This seems not to be an artifact, because the norn1al and HSc tissues 
were processed on a single slide and stained simultaneously. These 
results also support the assumption that NO plays a role in wound 
h ealing and scar formation (Heck et ai, 1992). 
Data fi'om FACS analysis showed that fibroblasts derived from 
HSc tissue and normal skin expressed cNOS and iNOS. Although 
all stained for cNOS, the fluorescence intensity of the HSc cells was 
lower than that of normal cells . This result suggests that all of the 
HSc fibroblasts retain the ability to express cNOS, but that the 
amount is downregulated. This defective cNOS expression might 
be a consequence of the altered cytokine production by the cells, 
because cytokines such as transforming growth factor-{3 have been 
shown to suppress NO production of murine macrophages 
(Vodovotz el aI, 1993). We have demonstrated that HSc tissue 
expresses more transforming growth factor-{3 mRNA and protein 
than normal skin (Ghahary et aI, 1993 , 1995). This suggests a 
possible regulatory pathway, in which transforming growth fac-
tor-{3 downregulates the expression of cNOS. This low level of 
endogenous NO could cause over-proliferation of fibroblasts , 
resulting in HSc formation. After stimulation of the cells with 
IFN-l' and LPS, the proportion of cells positive for iNOS seems 
lower in HSc fibroblasts than in normal cells, but the HSc and 
normal fibroblasts showed similar fluores cence intensity. More-
over, the fluorescence intensity was much lower than that for 
eNOS, suggesting that iNOS expression in human fibroblasts was 
very low. T hus, a small increase in cells staining for iNOS seems 
insufi'icient to cause a statistically significant increase in the Ca2 + _ 
independent NOS activity as assessed by citrulline assay. 
The sign.ific,mce of the reduced NO production in HSc fibro-
blasts is not clear, but it is possible that after thermal injury , the 
fibroblasts in the scar of some patients undergo phenotypic alter-
ation, leading to reduced cNOS expression. The low levels of 
endogenous NO in the fibroblasts, along with other factors, may 
allow increased proliferation and over-production of certain fibro-
genic cytokines such as transforming growth factor-{3 and interleu-
kin-1, resulting in HSc fonnatioll. On the other hand, HSc 
fibroblasts might be deficient in co-factors such as tetrahydrobiop-
terin (Werner-Felmayer el aI, 1990) or substrates such as L-arginine 
for the enzyme. Supplementation of deficient co- f.'lctors or sub-
strate might increase NO production and result in reduced prolif-
eration and production of fibrogenic cytokines by the cells. 
Om data show that dermal fibroblasts derived from HSc contain 
less cNOS and produce less NO than normal fibroblasts. The 
expression of iNOS is not altered in HSc fibroblasts. These data 
suggest that NO may playa role in the cellularity of wound healing 
and HSc formation. 
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